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METHODS AND SYSTEMIS USING RELATIVE 
SENSING TO LOCATE TARGETS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. Provisional Appli 
cation Ser. No. 60/689,424, filed Jun. 10, 2005, which is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

This invention relates generally to target locators, and more 
specifically, to methods and systems for incorporating rela 
tive sensing in the location of targets. 
A target locator is used to remotely locate a target by 

measuring a range and a direction (e.g., azimuth and elevation 
angles) to the target. The location of the target, for example, 
in coordinates, is then computed based on the GPS coordi 
nates of the position of the target locator and the range and 
direction. The target location is then utilized by a command 
and control center to guide Surveillance or a weapon system to 
the computed location of the target. 

In one known system, the target location process utilizes 
gyro-compassing techniques coupled with a laser range 
finder to obtain an absolute direction and range to the target. 
However, this target locator system is only Suitable for large 
explosive weapon systems because there are some inaccura 
cies in the range and direction measurements. These inaccu 
racies result in a circular error probability (CEP) of approxi 
mately 80 meters. For lower cost and smaller explosive 
weapon systems, the existing target locator system does not 
provide the necessary target location accuracies. For these 
smaller explosive weapons systems, a CEP of about five 
meters at ranges of about five kilometers is desired. 
The existing system using absolute target measurement 

techniques along with the gyro-compassing mechanization is 
not capable of meeting these higher accuracy requirements. 
Therefore, a different target locator mechanization is needed 
to meet the higher accuracies desired. 

BRIEF SUMMARY OF THE INVENTION 

In one aspect, a method for determining a position of a 
target is provided. The method comprises establishing a ref 
erence target position and a measuring location position and 
measuring a range to the target, an azimuth angle to the target, 
and an elevation angle to the target. The method further com 
prises utilizing the reference target position, the measuring 
location position, the measured range to the target, the azi 
muth angle to the target, and the elevation angle to the target 
to calculate a position of the target. 

In another aspect, a target location system is provided that 
comprises at least one source of reference target position 
information and system position information, a rangefinder 
configured to measure a range to a reference target position 
and a range to the target, and a magnetic field source at a 
position of the target location system. The target location 
system further comprises a sensor configured to utilize the 
magnetic field source to determine azimuth angles to a refer 
ence target position and the target, an inclinometer to measure 
elevation angles to a reference target position and the target, 
and a processor. The processor is programmed to determine a 
position of the target using reference target position informa 
tion, system position information, the measured ranges, the 
measured azimuth angles, and the measured elevation angle. 
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2 
In still another aspect, a target location processor is pro 

vided that is programmed to calculate a range to a reference 
position based on a received reference position and a received 
measuring location position, receive a measured range to the 
reference position and a measured range to the target position 
with respect to the measuring location position, calculate a 
bias error using the measured range to the reference position 
and the measured range to the reference position, and offset a 
received range measurement to a target location according to 
the bias error. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a target locating system. 
FIG. 2 illustrates determination of the target location by the 

system of FIG. 1 using a magnetic compass. 
FIG.3 is a block diagram of a system configured to utilize 

relative sensing to determine target location that incorporates 
an anisotropic magneto-resistive sensor. 

FIG. 4 illustrates determination of target location utilizing 
a reference target location and the system of FIG. 3. 

FIG. 5 is a chart describing a performance summary of the 
systems of FIGS. 1 and 3. 

DETAILED DESCRIPTION OF THE INVENTION 

Described are systems and methods that use relative sens 
ing with respect to a fixed reference target along with an 
accurate azimuth and elevation sensor mechanization. The 
systems and methods provide accuracy for a target locator 
that is improved by as much as ten times over known target 
location mechanisms. The systems and methods provide cir 
cular error probability (CEP) accuracies of approaching five 
meters at ranges of five kilometers which results in a capa 
bility of using low cost, Small explosive weapon systems to 
engage such targets. 
The target locator utilizes relative sensing to accurately 

determine the position of the target. A method performed by 
the target locating system includes establishing a reference 
target position, for example, using a GPS determination and 
assuming that any GPS errors are the same at both the refer 
ence location and the measuring location position, which 
allows cancellation of the GPS errors. A range measurement 
between the present location and the reference target is com 
puted and compared to the range as measured by a range 
finder to establish a rangefinder bias error to be used as an 
offset when determining the range to the target location. The 
system, in one embodiment, incorporates an anisotropic mag 
neto-resistive (AMR) sensor to measure an angular position 
of the target. 
Known target locator systems are used to determine abso 

lute range, azimuth, and elevation measurements from a 
remote position to a designated target. In at least one of these 
target locator systems, a laser rangefinder is used to measure 
range to the target, a magneto-resistive compass sensor that 
senses earth's magnetic field is used for azimuth location, and 
an inclinometer is used to determine elevation. 

FIG. 1 is a block diagram of the known target locator 
system 10. GPS 12 provides a target locator position x, y, 
and Z. The sights, specifically, a day operation sight 14 or a 
night operation (i.e. thermal) sight, each contain a reticle that 
is used to accurately align laser rangefinder 18, magnetic 
compass 20, and inclinometer 22 to the target. The above 
described components of system 10 are controlled by and 
provide data to system processor/interface 24 which provides 
data to display 26 where it can be viewed by an operator of 
system 10. System 10 includes a rotary platform 30 on which 
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the above described components are mounted, and rotary 
platform 30 is attached to a stationary, adjustable tripod 32. 
All components of system 10 that utilize power are supplied 
that power from battery/power supply 34. 

Range to the target is determined using laser rangefinder 
18. An azimuth angle to the target is measured from magnetic 
north by magnetic compass 20, and elevation angle to the 
target is measured using inclinometer 22. Because the azi 
muth sensor (e.g., magnetic compass 20) measures angles 
referenced to magnetic north (i.e. earth magnetic field 
strength <1 gauss), it is prone to variability and inaccuracies. 
The earth's magnetic field is relatively weak and also varies as 
a function of earth position. Other magnetic disturbances in 
close proximity also can affect operation of magnetic com 
pass 20. 

Further complicating utilization of system 10 is that mag 
netic compass 20 requires a precision calibration in the field 
after system 10 is set up. Even with this calibration process, 
an accuracy of about only about ten millirads can beachieved. 
With a target at a range of 5000 meters, an azimuth uncer 
tainty often millirads results in a position uncertainty of about 
fifty meters. Inclinometer 22 also is not capable of meeting 
high accuracy requirements as its accuracy is, for example, 
only about seven and a half millirads. FIG. 2 illustrates the 
target positioning mechanization incorporated within system 
10 where a range to the target 50 is determined utilizing 
magnetic north as determined by magnetic compass 20. 

To provide more accurate targeting, the mechanization of 
system 10 is changed to determine a relative direction to a 
target (e.g., relative to the direction to a fixed reference target) 
and further to utilize knowledge of the reference target posi 
tion and the direction to it to compute an actual position of the 
target. The utilization of a more accurate relative direction 
(e.g., in azimuth and elevation) for the sensor mechanization 
results in improved azimuth and elevation accuracies for the 
target. 

FIG. 3 is a diagram of a system 100 configured to utilize 
relative sensing to determine target positions. Components of 
system 100 which are the same as components of system 10 
(shown in FIG. 1) are denoted utilizing the same reference 
numerals. As further described below, system 100 incorpo 
rates a anisotropic magneto-resistive (AMR) sensor 102 
rather than magnetic compass 20 (shown in FIG. 1) and the 
system/processor interface 104 is necessarily updated to Sup 
port the incorporation of AMR sensor 102. A magnet 106 is 
mounted on tripod 32 for operation of sensor 102. 

Relative Sensing 
To find the position of the target, a range to the target, Rt, is 

determined, as well as the azimuth angle to the target, 0t, and 
elevation angle to the target, pt. Relative sensing uses a Sur 
veyed reference target position that minimizes or eliminates 
common mode or bias errors found in present target position 
ing Solutions. By using a low cost Inertial Measurement Unit 
(IMU) for accurate elevation measurements, it can also mea 
Sure accurately, for a short period of time, azimuth angles. As 
a result, the IMU can be used to test or calibrate the AMR 
azimuth sensing. Relative sensing of target positions includes 
relative GPS measurements, relative azimuth measurements, 
and relative elevation measurements. 
More specifically, and referring now to FIG. 4, relative 

sensing is accomplished by establishing a reference target 
position that is located in less-hostile areas. Reference target 
position 120 (e.g., x, y, z) is measured either while on the 
way to a measuring location position 120 (x, y, z) or by a 
person traveling to a reference target and taking a reference 
GPS reading. Other methods of providing reference target 
position, including GPS determination, are contemplated. 
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FIG. 4 is an operational diagram illustrative of relative 

sensing. If the GPS “surveyed' positions are highly accurate, 
then the reference target location 120 can be selected to be 
closer to the measuring position 122 (x, y, z). Therefore, 
the range, Rrt, to the reference target 120 can be relative small 
(i.e. 200 to 500 meters). If the GPS “surveyed' positions have 
moderate errors (i.e. 1 to 2 meters), then the location of the 
reference target should be approximately the same distance as 
the actual target 124 to minimize errors resulting from 'sur 
vey errors. 
By assuming that the relative GPS errors are small, and that 

either the same GPS receiver (e.g., GPS 12) or another GPS 
receiver with similar error characteristics is used, and the 
measurement time between the two points 122 and 120 (x, 
y, z, and x, y, z) is small (i.e., the GPS satellite positions 
are similar), the error at both these locations is then related 
and as a result, most of the GPS errors will be cancelled 
resulting in the relative position of the reference target 120 to 
the measurement location 122 being very accurate. 

Range Measurement 
By assuming positions x, y, z, and x, y, Z, are accu 

rately “surveyed using GPS, then exact range, Rrt, between 
these two points can be computed to establish range truth. 
Using laser rangefinder 18 (shown in FIG. 3), range, Rrt, can 
be measured and compared against the range truth. A laser 
rangefinder bias error is then determined and used as a bias 
error offset when the actual target range, Rt., is measured. As 
a result, the range to the target 124 can be measured very 
accurately, for example, to within one-half meter. 
Azimuth and Elevation Measurements 
Instead of using a magnetic compass sensor (e.g., magnetic 

compass 20 (shown in FIG. 1) as does system 10, system 100 
incorporates a non-contact, high resolution anisotropic mag 
neto-resistive (AMR) sensor 102 that is utilized to measure an 
angular position. AMR sensors are very accurate, reliable, 
and provide long life. As such, sensor 102 is capable of 
measuring the angle direction of a magnetic field from a 
self-contained magnet with less than 0.05 degree resolution. 
The advantages of measuring field direction versus field 

strength (i.e. like magnetic compass 20) include: an insensi 
tivity to the temperature coefficient of the magnet, less sen 
sitivity to shock and vibration, and the ability to withstand 
large variations in the gap between the sensor and magnet. In 
one embodiment, a magnet 106 for sensor 102 is located on 
stationary tripod section 32 and AMR sensor is aligned and 
then rotated with the optical sights 14 and 16 and laser 
rangefinder 18. 
The field strength from magnet 106 at sensor 102 is 100 

times the strength of the earth's magnetic field and as a result, 
is more stable and less susceptible to perturbations from 
outside environments. The field direction is not critical since 
relative angular positions are measured rather than absolute 
angular positions. As a result, there is minimal calibration of 
the AMR sensor mechanization in the field. In one embodi 
ment, output is from a Wheatstone bridge (not shown) that 
permits balanced output signals for noise immunity. A low 
offset amplifier and high resolution delta-sigma converter 
(i.e. an analog to digital converter) is utilized to meet the 
accuracy of +0.05 degree. 

In one embodiment, an operational scenario for using sys 
tem 100 is that the sight reticle (14,16) is moved to align with 
reference target 120. The angle between the magnetic field 
and the reference target 120 is then measured (0mrt). The 
sight reticle is then moved to the target and the angle between 
the magnetic field and the target is measured (Omt). Subtract 
ing one angle from the other results in the angle between the 
reference target and the actual target (0mt-Omrt). The angle 
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Ort is calculated knowing the reference target position. As a 
result, the target azimuth angle (0t) can be determined. 
Because of the high accuracy and resolution of the angular 
position sensor, 0t can measured to an accuracy of t0.05 
degrees or 0.87 milliradians. 

In-Field Calibration and Integrity of the AMR Sensor 
AMR sensors 102 provide relative target direction (relative 

to a fixed reference target). The AMR sensors capability to 
measure relative target direction can be enhanced with a low 
cost Micro-Electro Mechanical Systems Inertial Measure 
ment Unit 110 (MEMS IMU) to accurately calibrate AMR 
sensors 102 in the field prior to its use in system 100 if 
necessary. In addition, MEMS IMU 110 can also be used to 
determine the integrity of the directional information from 
AMR sesnor 102 with a high level of confidence. 

While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification within 
the spirit and scope of the claims. 
What is claimed is: 
1. A method for determining a position of a target compris 

ing: 
establishing a reference target position and a measuring 

location position; 
Supplying a magnetic field from a magnet positioned at the 

measuring location position of a target location system, 
the strength of the Supplied magnetic field being greater 
than the strength of the earth's magnetic field; 

measuring a range to the target, an angle between the target 
and the Supplied magnetic field, and an elevation angle 
to the target; and 

utilizing the reference target position, the measuring loca 
tion position, the measured range to the target, the angle 
between the target and the Supplied magnetic field, and 
the elevation angle to the target to calculate a position of 
the target. 

2. A method according to claim 1 wherein establishing a 
reference target position further comprises determining at 
least one of a reference target position and a measuring loca 
tion position utilizing GPS. 

3. A method according to claim 1 wherein measuring a 
range to a target further comprises: 

calculating a range to the reference target position based on 
the reference target position and the measuring location 
position; 

measuring a first range, the first range being the range to the 
reference target position from the measuring location 
position; 

establishing a range finder bias error using the measure 
ment and calculation; 

measuring a second range, the second range being the 
range to the target position from the measuring location 
position; and 

offsetting the second range according to the rangefinder 
bias error. 

4. A method according to claim 1 wherein determining an 
azimuth angle to the target comprises determining the azi 
muth angle to the target utilizing an anistropic magneto 
resistive sensor. 

5. A method according to claim 4, wherein determining the 
azimuth angle to the target utilizing an anistropic magneto 
resistive sensor comprises: 

aligning a reticle of the sensor with the reference target; 
measuring a first angle between the Supplied magnetic field 

and the reference target; 
aligning the reticle of the sensor with the target; 

6 
measuring a second angle between the Supplied magnetic 

field and the target; 
Subtracting the first angle from the second angle to deter 
mine the angle between the reference target and the 

5 actual target; 
calculating the azimuth angle of the reference target posi 

tion based on the reference target position and the mea 
Suring location position; and 

determining the azimuth angle to the target based on the 
angle between the reference target and the actual target 
and the azimuth angle of the reference target position. 

6. A method inaccordance with claim 1 wherein measuring 
an elevation angle to the target comprises determining the 
elevation angle with an inclinometer. 

7. A method according to claim 1 wherein: 
establishing a reference target position further comprises 

determining at least one of a reference target position 
and a measuring location position utilizing GPS, and 

utilizing the reference target position and the measuring 
location position comprises assuming that any GPS 
position measurement errors are the same at both the 
reference target position and the measuring location 
position. 

8. A target location system comprising: 
at least one source of reference target position information 

and measuring location position information; 
a rangefinder configured to measure a range to a reference 

target position and a range to the target; 
a magnetic field Source positioned at a measuring location 

position of said system, wherein the strength of the 
magnetic field from the magnetic field source is greater 
than the strength of the earth’s magnetic field; 

a sensor configured to utilize said magnetic field source to 
determine an azimuth angle to the target, based on mea 
Surements of angles between the magnetic field source 
and the reference target and between the magnetic field 
Source and the target; 

an inclinometer to measure elevation angles to a reference 
target position and the target; and 

a processor programmed to determine a position of the 
target using reference target position information, mea 
Suring location position information, the measured 
ranges, the determined azimuth angle, and the measured 
elevation angle. 

9. A target location system according to claim 8 further 
comprising athermal sight having a reticle, said thermal sight 
configurable to align said range finder, said sensor, and said 
inclinometer. 

10. A target location system according to claim 8 further 
50 comprising a day sight having a reticle, said day sight con 

figurable to align said range finder, said sensor, and said 
inclinometer. 

11. A target location system according to claim 8 wherein 
to determine a position of a target, said processor is config 

55 ured to: 
calculate a range to the reference target position based on 

the reference target position and the measuring location 
position; 

receive a measured range to the reference target position 
and the target position with respect to the measuring 
location position from said range finder, 

calculate a range finderbias error using the measured range 
and calculated range; and 

offset the range measurement to the target location accord 
ing to the range finder bias error. 

12. A target location system according to claim 8 wherein 
sensor comprises an anistropic magneto-resistive sensor. 
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13. A target location system according to claim 8 further 
comprising an inertial measurement unit (IMU) coupled to 
said processor, said processor programmed to utilize data 
from said IMU to calibrate said anistropic magneto-resistive 
SSO. 

14. A target location processor programmed to: 
calculate a range to a reference position based on a received 

reference position and a received measuring location 
position; 

receive a measured range to the reference position and a 
measured range to the target position with respect to the 
measuring location position; 

calculate a bias error using the calculated range to the 
reference position and the measured range to the refer 
ence position; 

offset a received range measurement to a target location 
according to the bias error; 

8 
receive a measured angle between the reference target and 

a magnetic field, the magnetic field being Supplied by a 
magnet positioned at a measuring location position of a 
target location system, the strength of the Supplied mag 
netic field being greater than the strength of the earth's 
magnetic field; and 

receive a measured angle between the target and the Sup 
plied magnetic field. 

15. A target location processor according to claim 14, said 
10 processor farther programmed to: 

determine a target position based on the received reference 
position, the received measuring location position, the 
received range measurements, the received measured 
angles, a calculated azimuth angle to the reference tar 
get, and a received elevation angle to the target position. 

16. A method according to claim 1, further comprising 
determining an azimuth angle to the target. 

k k k k k 


